Abstraci-Submillimeter wave laser action is reported in CHDzF on 17 "parent" transitions plus three cascade lines. Accurate heterodyne frequency measurements are reported for nine lines. Useful output powers of greater than 1 m W were observed for several lines. The strongest line, which is at 384.3 pm, is particularly significant because of its potential as a local oscillator for the 385 pm DzO laser.
S
UBMILLIMETER wave (SMMW) laser action obtained by the technique of optical pumping was originally [ l ] demonstrated with methyl fluoride (lZCH3F).
Since that time SMMW laser operation has been obtained from numerous other gases, including three other isotopic forms of methyl fluoride, 13CH3 F [2] , "CD3 F [3] , and 13CD3 F [4] . In this letter, optical pumping of doubly-deuterated methyl fluoride ("CHD2 F) is described. Seventeen pump lines were found to produce SMMW laser output on a total of 20 lines, including three cascade lines. Accurate heterodyne frequency measurements are reported for nine lines. In addition to obtaining spectroscopic information which is valuable for analysis of the excited vibrational states, we have also found that several CHDzF lines are at the milliwatt power level, thereby adding to the number of useful sources in this spectral region.
CHDzF is a near-symmetric top molecule with Ray's asymmetry parameter K = -0.970 [ 5 ] . Low-resolution infrared spectroscopy indicates several absorption bands in the COz laser region. These include v5 at 1050 cm-' , v4 at 1092 crn-l, v g at 965 cm-' , and vg at 897 cm-' [ 5 ] . There are numerous absorption coincidences of CHDzF with the COz laser, as can be seen from the optoacoustical spectrum (Fig. 1) resolved, which limits the usefulness of the 9R portion of the optoacoustic spectrum.
Two separate SMMW lasers were used in this experiment. The primary laser [3] contains a metallic 25.4 mm diameter waveguide resonator which is 90 cm long and has a 3.5 mm holecoupled output mirror. This laser provides the best performance for the longer wavelength lines and was used for the power and frequency measurements. A second resonator employing a 31 mm diameter Pyrex tube was used to obtain relative polarizations. A maximum of about 15 W CW power for the strongest COz laser pump lines is coupled into the SMMW cavity for optical pumping. The CHDzF gas sample, of estimated isotopic purity greater than 95 percent [6] ,was prepared by Prof. D. F. Eggers of the University of Washington.
The pump lines and associated SMMW laser wavelengths measured with a micrometer-tuned diplexer [7] with an accuracy within 0.2 percent are listed in Table I . For those lines which we were able to heterodyne, the calculated vacuum wavelengths are listed rather than the less accurate interferometric values. The frequency measurements were made by mixing the laser output with the harmonics of a phase-locked Ka-band klystron in a Schottky barrier diode which was supplied by Lincoln Laboratory. The experimental arrangement is indicated in Fig. 2 . The klystron is locked with the aid of a 100 MHz crystal oscillator signal which is multiplied to the 3.5 GHz region, where it is counted and harmonically mixed with the klystron frequency. The klystron signal, which can be locked at discrete frequencies in the 34-37 GHz range, reaches the diode through a coaxial fitting. Beat notes in the range of 0-8 GHz, corresponding to the range of our IF amplifiers, are displayed on the spectrum analyzer. An EIP model 548 counter is used to accurately measure the beat frequency and to determine the locked klystron frequency. The laser frequencies listed in Table I length was tuned. In CHDzF the tuning profile was about 4-6 MHz wide; however, the measurements of the center were generally reproducible within k0.7 MHz. We were unable to heterodyne the weaker lines above 900 GHz.
The cascade lines were all discovered in the heterodyne mode. The first cascade line was found by accident when a 43.25 GHz signal, which corresponds to the beat produced by the simultaneous oscillation of the two lines pumped by the 10P28 C 0 2 line, was detected. The cascade lines associated with the 10R20 and 10R26 pump lines were subsequently obtained by searching for frequencies near 43.3 GHz ("2B) below those of the "parent" transitions.
An attempt to find the cascade for the strong 10R38 pumped line was unsuccessful. These frequencies should be very valuable in the analysis of the associated spectral bands.
In Table I , one of the pump lines is attributed to theP-branch transition of the C 0 2 laser 01'1 to 11'0 hot band, The question mark after the pump indicates our uncertainty in distinguish- ing these weak lines with the Optical Engineering spectrum analyzer. The lop28 pump line produced very strong output at 384.3 pm. In the previous CD3F results [3] ,weak emission at 384.7 k 0.5 pm with the same lop28 pump was reported; apparently, this result can be attributed to a small amount of isotopic impurity of CHD2 F in the CD3 F sample.
In Table I , the signal strengths are rated qualitatively based on the Golay-detector signal. Typical pressures were in the 100-120 mtorr range and were not optimized for each line. In Table I1 the power measurements for the stronger lines are given, along with the results for some other well-known gases in the same relatively short (90 cm) unoptimized resonator. In conclusion, several of the CHD2F lines appear to be very 121 useful and would be expected to produce tens of milliwatts in optimized cavities. The strongest line at 384.3 pm satisfies a special need for a strong CW laser in this region. In particular, [3] since this line falls about 1 GHz above the frequency of the 
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